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STATION EXPOSURE AND RESULTING BIAS IN TEMPERATURE 
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Directed by: Rezaul Mahmood, Stuart Foster, and Joshua Durkee 
Department of Geography and Geology   Western Kentucky University 
Station siting, exposure, instrumentation, and time of observations influence long-
term climatic records.  This thesis compared and analyzed temperature data from four 
Kentucky Mesonet stations located in Fayette (LXGN), Franklin (LSML), Clark 
(WNCH), and Bullitt (CRMT) counties to two nearby Automated Surface Observation 
Systems (ASOS) stations in Kentucky.  The ASOS stations are located at Louisville 
International Airport (Standiford Field - KSDF) and at Lexington Airport (Blue Grass 
Field - KLEX). The null hypothesis states that there is no significant difference in 
temperature measurements between the two types of stations. To quantify the differences 
in temperature measurements, geoprofiles and the following statistical procedures were 
used: coefficient of determination (R2), coefficient of efficiency (E), index of agreement 
(d), root mean square error (RMSE), and mean absolute error (MAE).  Geoprofiles were 
developed using GIS, and take into account elevation, slope, hillshading, land use, and 
aspect for each site to help better understand the influence of local topography.  It was 
found that temperature differences could be related to the advancement of weather 
patterns, vegetation growth and decay, and changes in the landscape at the stations.  
KSDF consistently recorded higher temperatures than those at CRMT. The positive bias 
ranged between 0.27 and 2.41 ºC during the time period of September 2009 to August 
2010. KLEX was found to be warmer or cooler, with temperature differences that ranged 
from -1.42 to 0.22 ºC for LXGN, LSML, and WNCH.  The index of agreement at KSDF 
xi 
 
for mean hourly temperatures, when compared to the Bullitt County mesonet station, 
ranged from 0.88 to 0.99.  Meanwhile, the index of agreement at KLEX was 0.96 to 1.00 
when compared to the Franklin, Fayette, and Clark mesonet stations.  KLEX recorded 
temperatures that were higher or lower compared to the Franklin, Fayette, and Clark 
mesonet stations.  At the seasonal scale, fall and summer showed larger differences 
between the Mesonet and ASOS observations.  KSDF consistently recorded higher 
temperatures ranging up to 2.41 °C during the summer.  The index of agreement at KSDF 
in the fall, when compared to the Bullitt County mesonet station average temperatures, 
ranged from 0.89 to 0.95, while in the summer it was 0.88 to 0.96. The d index indicates 
a good agreement between ASOS and mesonet stations in winter.  KLEX indicates that 
the index of agreement, RMSE, and MAE are best during winter for all three stations, 
while in the fall and summer the agreement was not as strong when compared to the 
Franklin, Fayette, and Clark mesonet stations.  In summary, results indicate that the 
Kentucky Mesonet and ASOS temperature measurements show significant differences 
throughout the year; therefore, the alternative hypothesis is accepted. These differences 
are attributed to biases associated with ASOS observations, nearby artificial sources of 
heating, equipment/maintenance procedures, and land use and land cover at the site. 
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Chapter 1 
Introduction 
Temperature affects many different aspects of everyday life.  It influences the 
selection of dress, timing of crop planting, energy consumption for heating and cooling, 
travel plans, and more. Temperature is also a key variable for weather and climate 
analysis. As a result, accurate measurement of temperature is important in climate 
change, climate prediction, and climate variability research (Mahmood et al., 2006).  
Private citizens and various organizations around the world measure and archive 
temperature observations.  These observations may include measurements by home 
weather stations, local school systems, regional mesonets, and national government 
agencies. 
At the global scale, the accuracy of measurements related to weather and climate 
activity has become more sophisticated in recent years, as new and enhanced models and 
equipment have improved data collection (Allen et al., 2011; Zhang et al., 2011). 
Differences in the physical terrain (Fernando and Pardyjak, 2013), latitude (Koskinen et 
al., 2011), equipment used (Mahale et al., 2014), or network design (Qijun et al., 2012) 
can influence differences between and among specific measurements. Many studies have 
investigated different types of weather observing systems and have compared the 
instrument suites and observing practices to determine differences in temperature 
observations (Guttman and Baker, 1996; Hubbard et al., 2004; Sun et al., 2005).  Some of 
this research compared Automated Surface Observation System (ASOS) observations, for 
example, with those from the United States Climate Reference Network (USCRN), North 
Carolina Environmental and Climate Observing Network (NCECONet), maximum-
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minimum temperature system (MMTS), and the National Weather Service’s Cooperative 
Observer Program (COOP) (Hubbard et al., 2004; Sun et al., 2005; Holder et al., 2006).  
ASOS stations are located at over 900 airports to provide minute-by-minute weather 
observations, and they also generate basic aviation routine weather reports known as 
Meteorological Aerodrome Reports (METARs) (NOAA, 1998). Kentucky has nine 
ASOS stations located throughout the state. 
Analyses show that there could be many causes of bias in the observed data. Sun 
et al. (2005) examined temperature differences between USCRN and ASOS stations in 
Sterling, Virginia, and Asheville, North Carolina.  The study showed that the differences 
in instrumentation and location could explain higher temperatures recorded by ASOS 
sensors.  Guttman et al. (1996) also investigated ASOS versus conventional methods, 
such as observers, by using equipment that reports every hour instead of one-minute 
observations to determine magnitude of differences.  This study took place during a time 
when ASOS was starting to phase out conventional methods, and it examined the effect 
of changes in instrumentation on longer temperature datasets. The paper showed that the 
siting of a station and changes in instrumentation could introduce bias in climate data.  
This study, along with another paper by McKee et al., (1996), stated that ASOS might be 
sufficient for NWS (National Weather Service) purposes; however, the moving of sensors 
could very well affect climate-scale studies (McKee et al., 1996; Guttman et al., 1996). 
Additional research in the same vein by Gall et al. (1992) and Kessler et al. 
(1993) investigated the changes in temperature records caused by changes in the type of 
thermometer used at NWS sites located in Albany, New York, and Tucson, Arizona.  The 
change from a mercury type thermometer (HO-63) to the current instrument setup of a 
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hygrothermometer (HO-83) caused a warm bias in maximum and minimum temperatures 
at these NWS sites. 
As many studies have compared instrumentation from various weather observing 
networks, one type of network that has not been discussed in length is a mesonet.  A 
mesonet is defined as a mesoscale (a scale defined as relating to a meteorological event 
that has an approximate size of 10 to 1000 km in horizontal extent (Merriam-Webster, 
2014)) meteorological network that is a group of five or more stations with a spatial 
density of one station per 10,000 km2, that reports temperature and wind speed/direction 
at least every hour, and that has an entity that is in charge of maintaining the instruments 
and data for the foreseeable future (Tucker, 1997). There are a number of statewide 
mesonets across the U.S, including in Oklahoma, Kentucky, Nebraska, and Delaware.   
The Kentucky Mesonet (2014) (www.kymesonet.org) meets this definition as a 
mesoscale network of automated weather and climate monitoring stations located across 
the Commonwealth. This network provides a better understanding of climate and weather 
patterns and phenomena that affect the state.  The Kentucky Mesonet currently has 65 
research-grade weather stations (Figure 1.1).  Stations report temperature, precipitation, 
solar radiation, wind speed and direction, relative humidity, and derived dewpoint.  Data 
are collected at each station every five minutes and are then quality assured/quality 
controlled (QA/QC’d). 
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Figure 1.1: Kentucky Mesonet and ASOS Locations. Source: Created by the author. 
 
 The objective of this thesis is to investigate temperature measurement differences 
between ASOS and nearby Kentucky Mesonet stations. The thesis’ hypothesis is stated as 
follows: 
HO = No significant temperature differences between selected Kentucky Mesonet  
          and ASOS stations 
HA = Significant temperature differences exist between selected Kentucky  
          Mesonet and ASOS stations 
 
Temperature differences are important to understand for a number of reasons. 
Temperature differences of one or two degrees can affect whether precipitation is in a 
frozen or liquid state when coming in contact with a surface, and can also lead to an 
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inaccurate record of the first freeze, which could affect farmers’ crops.  Accurate 
temperature observations are also critical for public safety, such as the issuing of 
excessive heat warnings that could affect the elderly, chronically ill, and athletes, as well 
as mitigation and preparedness for winter weather. This study analyzed hourly, daily, 
monthly, and seasonal temperature data from selected mesonet and ASOS stations 
(Figure 1.1) to determine differences at various time-scales.  Data representing the 
Kentucky Mesonet came from the Bullitt (CRMT), Fayette (LXGN), Franklin (LSML), 
and Clark (WNCH) county stations.  Data representing the ASOS came from Louisville-
Standiford Field International Airport (KSDF) located in Louisville-Jefferson County, 
Kentucky, and from Blue Grass Airport (KLEX) in Lexington-Fayette County, Kentucky. 
This research provides explanations for any temperature similarities and differences. 
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                                     Chapter 2 
Data and Methodology 
 
2.1 Site Selection of Kentucky Mesonet Stations 
 The quality of meteorological data plays a critical role in determining climatic 
trends, predication of climate used in forecast, and adaptability (Mahmood et al., 2006).  
Station siting and exposure plays an important role in affecting the quality of 
meteorological data (Shafer et al., 2000).  Many organizations have developed their own 
standards for selecting sites for different types of meteorological data and research 
opportunities.  The World Meteorological Organization (WMO, 2008) is one of the 
leading institutions that developed criteria for locating sites for meteorological stations 
across the world.  A few networks in the United States use these standards, including the 
United States Climate Reference Network (USCRN). 
 The USCRN was developed to provide a continental and multi-decadal scale 
climate record (Diamond et al., 2013), with a scoring criteria to provide a quantitative 
way to select sites. One of the requirements suggests that the sites need to be located in 
open areas, away from human-made or natural obstructions, and in rural areas without 
much human activity in the vicinity (Diamond et al., 2013). 
 The Kentucky Mesonet has adopted this approach when locating sites.  They are 
selected using a similar scoring criterion that USCRN adopted based on WMO standards.  
Mesonet staff members take a number of steps to select sites. These include: 
 Identification of a candidate location; 
 Discussion regarding access to the site with the land owner; 
 Completion of a scientific site survey using WMO standards and parameters, 
checking cellular phone signal status, and checking accessibility to the site 
(WMO, 2008);  
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 Site survey conducted by a Kentucky Mesonet employee; 
 Information gathered from the survey is presented to a group of individuals to 
select the best-suited site for a Kentucky Mesonet location; 
 A site license agreement signed by Western Kentucky University and the site host 
(land owner); and  
 Installation of instrumentation at the site. 
 
Based on the WMO’s (2008) guidance, the Kentucky Mesonet has developed a 
scoring worksheet. The worksheet scores a site for measurements of temperature, 
humidity, precipitation, wind, soil temperature, and moisture. Scoring of a site is to a 
possible 100 points.  The higher scores indicate better suitability of a site in meeting 
scientific criteria.  This scoring sheet can be found in Appendix A. 
ASOS site selection has been outlined in the Federal Standard for Siting 
Meteorological Sensors at Airports (Office of the Federal Coordinator for Meteorological 
Services and Supporting Research) (OFCM, 1994).  The standards state the distance that 
sensors must be placed from obstructions.  Since the primary function of ASOS is for 
aviation, the standards state that all instrumentation should not interfere with Federal 
Aviation Regulations (OFCM, 1994).  An explanation of temperature sensor siting from 
the OFCM (1994: 2-4) states: 
“The temperature and dew point sensors will be mounted so that the aspirator 
intake is 5 +/- 1 feet (1.5 +/- 0.3 meters) above ground level or 2 feet (0.6 meters) 
above the average maximum snow depth, whichever is higher.  Five feet (1.5 
meters) above ground is the preferred height.  The sensor will be protected from 
radiation from the sun, sky, earth, and any other surrounding objects but at the 
same time be adequately ventilated.  The sensor will be installed in such a 
position as to ensure that measurements are representative of the free air 
circulating in the locality and not influenced by artificial conditions, such as large 
buildings, cooling towers, and expanses of concrete and tarmac.  Any grass and 
vegetation within 100 feet (30 meters) of the sensor should be clipped to height of 
about 10 inches (25 centimeters or less).” 
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 2.2 Station locations 
The ASOS stations for this study are located at Louisville-Standiford Field 
International Airport (KSDF) in Louisville, Jefferson County, Kentucky, and at Blue 
Grass Airport (KLEX) located in Lexington, Fayette County, Kentucky.  Louisville is the 
largest city in Kentucky with a population of 756,832 (U.S. Census, 2014).  Louisville 
International Airport is home to the largest hub for United Parcel Service (UPS) and, 
hence, it handles a large volume of air traffic.  UPS uses a number of large airplanes such 
as the Airbus A300, Boeing 747/757/767, and McDonnell Douglas MD-11F (UPS, 
2014).  Louisville International also has commercial services provided by Southwest,  
Delta, American, and US Airways utilizing aircraft such as the Boeing 717 and737, 
McDonnell Douglas MD 80s, and multiple regional jets (LRAA, 2014; site photograph 
was unavailable for KSDF at the time of this study). 
Temperature observations from the KSDF ASOS station were compared to the 
Bullitt County mesonet station (CRMT) located six miles southeast of Shepherdsville, 
Kentucky, at the Bernheim Arboretum and Research Forest in Clermont (Figure 2.1).  
The two stations are about 19 miles apart from one another.  For this study, data from 
September 1, 2009, to August 31, 2010, were analyzed. 
Lexington, Kentucky, is the second largest city in Kentucky with a population of 
305,252 (U.S. Census, 2014).  Lexington Blue Grass Field is located to the west-
southwest of downtown Lexington.  This airport has commercial and cargo service 
provided by American Eagle, US Airways, Allegiant, and Delta Airlines (Blue Grass 
Airport, 2014). 
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Figure 2.1. Site photograph of the Bullitt County (CRMT) mesonet station. 
Source: Photo by the author. 
 
The KLEX ASOS was compared to three nearby mesonet stations.  Site 
photographs of KLEX were also unavailable at the time of this study.  These three 
mesonet stations are located in Clark (WNCH) (Figure 2.2), Fayette (LXGN) (Figure 
2.3), and Franklin (LSML) (Figure 2.4) counties.  WNCH is located in an open area, 
largely in a rural setting, and is three miles northwest of the small town of Winchester.   
LXGN is located about seven miles south of downtown Lexington.  The location of this 
mesonet site is on the horticulture research farm operated by the University of Kentucky.  
The LSML site is also located in an open rural environment, seven miles south of 
Frankfort.  This site is located at the agriculture research station at Kentucky State 
University.  Again, data from September 1, 2009, to August 31, 2010, were analyzed. 
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Figure 2.2. Site photograph of the Clark County (WNCH) mesonet station. 
Source: Photo by the author. 
 
 
Figure 2.3. Site photograph of the Fayette County (LXGN) mesonet station. 
Source: Photo by the author. 
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Figure 2.4. Site photograph of the Franklin County (LSML) mesonet station. 
Source: Photo by the author. 
 
2.3 Data and Instrumentation 
Instrumentation plays a critical role when comparing data from two different 
networks.  Temperature is sampled every three seconds using Platinum Resistance 
Thermometers (PRT) (Thermometrics Corporation, 2014) installed by Kentucky Mesonet 
staff.  Subsequently, averages of these three-second samples over five minutes (n = 60 
samples/5 minute/PRT) constitute each five-minute observation.  Three PRTs are placed 
within a Met-One Instrument aspirated shield (Met-One Instruments, 2014) at 1.5 meters 
above the ground and are the official source of temperatures for the network (Kentucky 
Mesonet, 2014). Three PRTs also allow onsite quality assurance and quality control 
12 
 
(QA/QC) of the temperature data.  Sampled data from these three PRTs were averaged 
together for the actual five-minute temperature.  If there is a greater than 0.3 ºC 
difference in 5-minute observations between two PRTs, then the data point receives a 
‘flag’ by the automated QA/QC system in near real-time and is further investigated by 
QA/QC operators.  However, the Kentucky Mesonet does not apply any bias correction 
to the flagged data. Metadata are available to researchers for determining potential causes 
of the ‘flag’. The ASOS system measures temperature with a platinum wire Resistive 
Temperature Device (RTD) housed inside a hygrothermometer that is also in an aspirated 
shield (NOAA, 1998). While each mesonet has three PRTs, ASOS has only one RTD and 
thus lacks on-site redundancy that facilitates QA/QC. 
Data from the ASOS were retrieved from the Midwestern Regional Climate 
Center (MRCC) cli-MATE database.  Each ASOS station reports on an hourly basis and 
provides one-minute data (see Sun et al., 2005).  For this research, a five-minute average 
was obtained by calculating the average of data from 50-54 minutes of each hour for 
KLEX, and 52-56 minutes of each hour for KSDF. 
  As indicated above, Kentucky Mesonet data are collected every five minutes and 
transmitted back every fifteen minutes to computer servers located at Western Kentucky 
University. To match ASOS observations as much as possible, the research has used five-
minute mesonet data reported at the 55th minute of each hour. 
2.4 Methodology 
 This research uses Geographical Information Systems (GIS) and statistical 
methods to quantify and analyze the differences in temperatures between ASOS and 
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Kentucky Mesonet stations.  Below is a discussion of the key methods and tools used in 
research. 
2.4.1 Geographic Information Systems (GIS) and GeoProfile   
 Geographic Information Systems (GIS) incorporate hardware, software, and data 
for capturing, handling, and exhibiting geographically referenced information (ESRI, 
2014).  GIS is a tool that has many different uses, including analyzing road networks, 
plotting locations of a commercial chain store, analyzing where a new store should be 
located, modeling terrain, and analyzing patterns in spatial data.  GIS can also be used to 
provide information about a location to help in relief efforts after natural disasters such as 
hurricanes. 
 GIS was used in this research to create geoprofiles for each site. A geoprofile is 
developed using a digital elevation model (DEM) and aerial photography to characterize 
the topography and land use proximate to an ASOS or Mesonet station (Mahmood et al., 
2006).  A geoprofile allows for a bird’s eye view of the location.  DEMs are derived from 
USGS 7.5 min quadrangle map contour lines with a horizontal resolution of 10 meters 
(Mahmood et al., 2006).  The DEMs and aerial photography in the form of digital 
orthophotographs were obtained through the Kentucky Geography Network (2014).  
Photos were taken during 2012 at a resolution of 1 meter.  
 Slope, aspect, and hillshading rasters were calculated from DEMs using a 1500-
meter radius from the center of each station.  Slope is defined as the incline or steepness 
of a surface.  Slope is shown based on a degree difference from the station point.  Aspect 
is defined as a compass direction that a topographic slope faces.  Hillshading simulates 
the effect of the sun’s rays in producing shadows over the land’s varied terrain (ESRI, 
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2014).  Hillshading effects allow for valleys, creek beds, and other low points to be easily 
visualized.  The locations of these objects can help to identify potential terrain influences 
on the local temperature climatology.  Understanding the surrounding area helps to 
determine if the site location may contribute to a developed bias in the temperature data. 
2.4.2 Statistical Analysis 
 In this research, we have used a coefficient of determination (R2), coefficient of 
efficiency (E), the index of agreement (d), square root of the mean square error (RMSE), 
and mean square error (MAE) to assess and quantify the differences between the 
Kentucky Mesonet and ASOS data (Legates and McCabe, 1999).  Differences have been 
examined for seasonal and monthly time scales.  Additional discussions on these methods 
follow. 
2.4.2.1 Coefficient of Determination (R2) 
 A coefficient of determination (R2) describes the proportion of the total variation 
in the observed data that can be explained by a prediction model (Legates and McCabe, 
1999).  The range of the R2 value is from 0.0 to 1.0, with higher values indicating better 
agreement in the observed data.  The R2 is calculated as follows:  
𝑅2 = {
∑ (𝑂𝑖−?̅?)(𝑃𝑖−?̅?)
𝑛
𝑖=1
[∑ (𝑂𝑖−?̅?)
2𝑛
𝑖=1 ]
0.5[∑ (𝑃𝑖−?̅?)
2𝑛
𝑖=1 ]
0.5}
2
      (2.1) 
  
where Oi is the Mesonet observation, Pi is the ASOS observation, ?̅? is the average of 
Mesonet data for the time period, and ?̅? is the average of ASOS observations for the 
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same time frame.  O and P represent data from a Kentucky Mesonet station and a nearby 
ASOS station, respectively. 
2.4.2.2 Square Root of the Mean Square Error (RMSE) 
 Legates and McCabe (1999) noted that dimensionless measures provide a general 
assessment of model performance, but cannot be used exclusively.  The square root of the 
mean square error (RMSE) yields an average magnitude of model prediction errors, with 
the RMSE calculated as follows: 
𝑅𝑀𝑆𝐸 = √𝑁−1 ∑ (𝑂𝑖 − 𝑃𝑖)2
𝑛
𝑖=1               (2.2) 
 
where Oi is the Mesonet observation, and Pi is the ASOS observation.  RMSE is a 
nonnegative statistic with no upper bound (Legates and McCabe, 1999).  
2.4.2.3 Coefficient of Efficiency (E) 
 The coefficient of efficiency has been defined by Nash and Sutcliffe (1970) as 
having a range from minus infinity to 1.0, with higher values indicating better agreement. 
It is expressed as follows:   
𝐸 = 1.0 −
∑ (𝑂𝑖−𝑃𝑖)
2𝑁
𝑖=1
∑ (𝑂𝑖−?̅?)
2𝑛
𝑖=1
                                                                                      (2.3) 
where Oi is the mesonet observation, Pi is the ASOS observation, ?̅? is the average of 
mesonet data for the time period.  Legates and McCabe (1999) demonstrated that the 
coefficient of efficiency is an improvement over the coefficient of determination for 
model evaluation purposes.  Whereas the coefficient of determination is sensitive to 
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outliers of both O and P, the denominator in the second term of E dampens the influence 
of prediction errors for outlying observational data. 
2.4.2.4 Index of Agreement (d) 
 The index of agreement (d) represents the ratio between the mean square error 
and the potential error. Values for d range from 0.0 to 1.0, with values closer to 1.0 
indicating that the model has a greater agreement between model and observational data 
(Willmott, 1984), so d can be expressed as follows: 
𝑑 = 1.0 −  
∑ (𝑂𝑖−𝑃𝑖)
2𝑛
𝑖=1
∑ (|𝑃𝑖−?̅?|+|𝑂𝑖−?̅?|)
2𝑛
𝑖=1
= 1.0 −  𝑁
𝑀𝑆𝐸
𝑃𝐸
                                              (2.4)  
where Oi is the mesonet observation, Pi is the ASOS observation, ?̅? is the average of 
mesonet data for the time, MSE is mean square error, and PE is the potential error. 
2.4.2.5 Mean Absolute Error (MAE) 
 Like RMSE, mean absolute error (MAE) quantifies errors produced by the model 
by providing information in relationship to the units of the variables being examined 
(Legates and McCabe, 1999). The MAE is calculated as follows: 
𝑀𝐴𝐸 =  𝑁−1 ∑ |𝑂𝑖 − 𝑃𝑖|
𝑛
𝑖=1                (2.5) 
where Oi is the mesonet observation, and Pi is the ASOS observation.  MAE is also a 
non-negative statistic with no upper bound (Legates and McCabe, 1999).  Use of all five 
statistical measures allowed for quantitative comparative data from the ASOS and 
Kentucky Mesonet stations. 
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2.4.3 Qualitative Assessment 
      Once quantitative assessments had been completed, geoprofiles were used to 
support interpretation of the results.  As indicated previously, geoprofiles can be used as a 
model to document and show spatial metadata, and thus can explain the localized 
influence of station exposure on observations (Mahmood et al., 2006).  In addition, 
following Sun et al. (2005), we have used solar radiation and wind data to explain 
differences in temperature observations from the Kentucky Mesonet and ASOS stations. 
 Sun et al. (2005) examined dissimilarities in the temperature between ASOS and 
USCRN stations in Sterling, Virginia, and Ashville, North Carolina.  They found that 
wind and solar radiation partly explained differences in temperature measurement by 
these two systems (see, also, Guttman and Baker, 1996; McKee et al., 1996).  Kentucky 
Mesonet solar radiation and wind data were used to examine the temperature differences.  
It is important to note that these stations are not located side-by-side as are the Sterling, 
Virginia, USCRN and ASOS sites, as shown in Sun et al. (2005). 
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Chapter 3 
Results and Discussions 
 Data from selected Kentucky Mesonet and ASOS stations were analyzed to 
determine and evaluate potential causes of agreement or disagreement among 
observations from these two systems.  Using statistical measures and geoprofiles, data 
from Kentucky Mesonet and ASOS stations were compared on annual, seasonal, and 
monthly time-scales. Maximum, minimum, and average temperatures for each station 
were analyzed (Table 3.1). 
3.1. Site Exposure of CRMT 
      The CRMT station is located eighteen miles southeast of KSDF alongside I-65 
northbound in north-central Kentucky and has been operational since May 22, 2008 
(Kentucky Mesonet, 2014).  The site is located on a fairly flat, grassy field located near 
an arboretum and research forest (Figure 3.1a-e).  A site survey conducted in July, 2007, 
shows that the mesonet site is more than 300 meters from any artificial heating sources.  
The elevation of CRMT is 166 meters.  As shown in 3.1 (c) and (d), this elevation is one 
of the lower points within a 1,500 meter radius.  However, a higher elevation point 
compared to immediate surroundings, resulting in ‘cold air pooling’, is not expected.  
Moreover, the area is undisturbed except for the occasional mowing of hay and general 
site maintenance. 
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Table 3.1. Maximum, minimum, and average temperatures for KY Mesonet and ASOS           
                 stations from September, 2009, to August, 2010.  
ID Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
Maximum Temperature (°C) 
Minimum Temperature (°C) 
Average Temperature (°C) 
K  
S 
D 
F 
26.43 17.38 15.89 6.58 2.58 3.25 14.89 23.31 26.18 32.06 33.30 33.80 
16.89 8.21 5.43 -1.47 -4.70 -4.52 4.01 10.72 16.56 22.35 23.24 22.65 
21.66 12.80 10.66 2.55 -1.06 -0.63 9.45 17.02 21.37 27.21 28.27 28.23 
C 
R 
M 
T 
25.65 17.22 15.81 6.66 2.87 3.00 14.30 22.64 24.81 30.99 31.73 32.48 
15.42 6.53 3.59 -2.25 -5.52 -5.60 2.63 8.48 14.08 19.11 20.19 19.15 
20.53 11.87 9.70 2.20 -1.32 -1.30 8.47 15.56 19.45 25.05 25.96 25.82 
K 
L 
E 
X 
26.43 16.54 14.13 5.81 1.74 2.08 13.42 22.00 24.27 30.04 30.86 31.77 
16.89 6.95 3.67 -2.37 -5.82 -5.62 2.92 8.48 14.44 19.52 20.27 19.44 
21.66 11.75 8.90 1.72 -2.04 -1.77 8.17 15.24 19.35 24.78 25.56 25.61 
L 
S 
M 
L 
24.74 16.88 14.55 6.23 2.19 2.39 13.95 21.92 24.27 29.86 30.83 31.47 
14.79 6.82 4.50 -2.65 -5.83 -5.93 2.35 7.49 13.59 18.78 19.64 18.56 
19.76 11.85 9.53 1.79 -1.82 -1.77 8.15 14.71 18.93 24.32 25.24 25.01 
L 
X 
G 
N 
24.57 16.44 14 5.80 1.73 1.95 13.15 21.35 23.76 29.48 30.05 30.42 
16.03 6.83 4.5 -2.23 -5.42 -5.16 3.43 9.31 14.78 19.85 20.53 20.00 
20.30 11.53 3.77 1.79 -1.85 -1.61 8.29 15.33 19.27 24.67 25.29 25.21 
W 
N 
C 
H 
24.15 16.83 13.94 5.88 1.84 1.98 13.42 21.39 24.14 29.81 30.10 30.41 
15.18 6.61 3.44 -2.63 -5.58 -5.59 3.09 7.97 13.91 19.03 19.72 18.73 
19.66 11.73 8.72 1.62 -1.87 -1.80 8.26 14.68 19.03 24.42 24.91 24.57 
KSDF = Louisville International Airport (ASOS), CRMT = Bullitt County Mesonet 
Station, KLEX = Bluegrass Field (ASOS), LSML = Franklin County Mesonet Station, 
LXGN = Fayette County Mesonet Station, WNCH = Clark County Mesonet Station 
Source: Compiled by the author. 
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Figure 3.1. 1,500 meter geoprofiles of CRMT: (a) slope, (b) aspect, (c) elevation, (d)  
       hillshade, (e) aerial photography/land use.  Source: Created by the author. 
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3.2. Site Exposure of KSDF 
KSDF is approximately five and one-half miles from downtown Louisville, KY, 
off I-65 in southern Jefferson County.  Located near an airport taxiway and on a 
relatively flat surface, this ASOS station is beneficial for aviation (Figure 3.2 a-e) 
(Gordon, 2013).  Instrumentation at the ASOS is positioned in a linear pattern along a 
gravel walkway.  While the site is located near mowed grass, concrete taxiways are 
located within 75 meters of the site (Figure 3.2 e).  Buildings are also located within 150 
meters of the site.  In addition to artificial heating sources located near the station, the 
area within 1,500 meters is composed of mixed-use commercial and industrial structures 
(Figure 3.2e). 
3.3. Comparison of CRMT and KSDF observations 
 The time series of CRMT and KSDF data used was from September, 2009, 
through August, 2010. This allowed for fall, winter, spring and summer seasonal 
comparisons. Compared to daily minimum temperatures, the daily maximum 
temperatures in all seasons do not display large differences between the CRMT and 
KSDF stations (Table 3.2).  Temperatures were calculated based on average and mean 
hourly temperatures. ASOS observations are taken near the top of the hour, and Kentucky 
Mesonet temperatures are selected for the five-minute interval that most closely 
approximated the ASOS observation time.  Both ASOS and mesonet temperatures 
represent averages for a five-minute period ending at the time of observation.  Hereafter, 
these measurements are referred to as hourly temperatures.  For a given month, 
observations taken at the same time of day are averaged to produce a mean hourly 
temperature for the month. 
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Figure 3.2. Same as Figure 3.1 except for KSDF. Source: Compiled by the author. 
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Table 3.2.  Maximum, minimum, and average temperature differences for KY Mesonet  
                  (KYMN) and ASOS stations from September, 2009, to August, 2010. 
ID Sept Oct N
ov 
Dec Jan Feb Mar Apr May Jun Jul Aug 
Tmax Differences (KYMN - ASOS) (°C) 
Tmin Differences (KYMN - ASOS) (°C) 
Tavg Differences(KYMN – ASOS) (°C) 
C 
R 
M 
T 
-0.78 -0.16 -0.08 0.08 0.29 -0.25 -0.59 -0.68 -1.37 -1.07 -1.56 -1.32 
-1.47 -1.68 -1.84 -0.78 -0.82 -1.08 -1.38 -2.24 -2.47 -3.24 -3.06 -3.51 
-1.12 -0.92 -0.96 -0.35 -0.27 -0.66 -0.98 -1.46 -1.92 -2.15 -2.31 -2.41 
L 
S 
M 
L 
-0.74 -0.63 -0.89 0.42 0.45 0.07 0.53 -0.08 0.00 -0.18 -0.03 -0.30 
-2.10 -0.13 -0.83 -0.28 0.00 -0.31 -0.58 -0.99 -0.86 -0.74 -0.63 -0.89 
-1.42 -0.38 -0.03 0.07 0.22 0.00 -0.02 -0.53 -0.43 -0.46 -0.33 -0.60 
L 
X 
G 
N 
0.33 0.26 0.56 0.00 -0.01 -0.13 -0.27 -0.65 -0.50 -0.56 -0.81 -1.35 
-0.86 -0.32 -0.23 0.13 0.40 0.45 0.51 0.82 0.33 0.33 0.26 0.56 
-0.26 -0.03 0.17 0.07 0.20 0.16 0.12 0.09 -0.08 -0.11 -0.28 -0.40 
W 
N 
C 
H 
-0.49 -0.55 -0.71 -0.27 0.24 0.03 0.00 -0.61 -0.13 -0.23 -0.76 -1.36 
-1.71 -0.32 -0.23 -0.31 0.45 0.03 0.17 -0.51 -0.54 -0.49 -0.55 -0.71 
-1.10 -0.44 -0.47 -0.10 0.17 0.17 0.08 -0.56 -0.33 -0.36 -0.66 -1.04 
Source: Compiled by the author. 
3.3.1. CRMT and KSDF Fall comparisons   
 The KSDF station had warmer minimum temperatures than CRMT (Table 3.2).  
The difference in average minimum temperatures may be attributed to the air traffic 
patterns of the UPS hub during the overnight hours, and the location of the ASOS to 
artificial heating sources and obstructions.  However, maximum temperatures between 
the two locations show closer agreement. 
 Daily maximum and minimum temperature differences ranged from -2.94 °C to 
2.44 °C, and -4.22 °C to 2.22 °C, respectively (Figure 3.3).  Negative values indicated 
that KSDF temperatures were warmer than those at CRMT.  Positive differences indicate 
that CRMT temperatures were warmer than those at KSDF.  Differences can be attributed 
to a number of factors that are further examined below. 
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(a)
 (b) 
 
Figure 3.3. Fall season (2009): (a) daily maximum and (b) daily minimum temperature    
                  differences between CRMT and KSDF. Source: Compiled by the author. 
Analysis of daily average temperatures for the fall season shown in Table 3.3 
indicate that R2 (n = 30 for September, November; n = 31 for October) for CRMT and 
-7.00
-6.00
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
T
m
a
x
(°
C
)
-7.00
-6.00
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
T
m
in
(°
C
)
25 
 
KSDF ranged from 0.89 to 0.95, with higher values indicating better agreement (Legates 
and McCabe, 1999).  RMSE ranged from 1.22 to 1.45 °C, with higher values indicating 
larger errors in the model.  Daily average temperature differences ranged from -1.12 to -
0.92 °C, indicating that KSDF was consistently warmer throughout the fall (Table 3.2).     
Table 3.3. Average temperature agreement statistics for CRMT and KSDF from  
     September,  2009, to August, 2010. 
Month R2 RMSE 
(°C) 
d MAE 
(°C) 
E 
Sept 0.89 1.45 0.93 1.27 0.72 
Oct 0.95 1.22 0.97 1.04 0.87 
Nov 0.95 1.22 0.96 1.14 0.87 
Dec 0.96 0.99 0.99 0.83 0.95 
Jan 0.98 1.05 0.99 0.88 0.97 
Feb 0.96 1.03 0.98 0.75 0.93 
Mar 0.97 1.24 0.98 1.04 0.91 
Apr 0.96 1.24 0.98 1.55 0.86 
May 0.95 2.15 0.93 1.93 0.70 
Jun 0.89 2.32 0.72 2.22 -0.34 
Jul 0.88 2.42 0.87 3.15 -0.40 
Aug 0.96 2.46 0.80 2.41 -0.03 
Source: Compiled by the author. 
 
Figure 3.4 shows the mean hourly temperature difference (CRMT-KSDF) for the 
fall months of 2009.  KSDF temperatures tend to be much warmer during the overnight 
and early morning hours.  During the daylight hours, temperatures were near those of the 
CRMT station, or even warmer at the mesonet location in October and November.  
November showed higher CRMT temperatures compared to KSDF than those values 
observed in October.  September is the only month in the fall that showed temperatures 
lower during all hours at CRMT compared to KSDF. 
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(a) (b)  
(c)  
Figure 3.4. CRMT - KSDF mean hourly temperatures for (a) September, (b) October, and     
                  (c) November. Source: Created by the author. 
 
Further analysis of mean hourly temperatures for fall 2009 showed that the R2 (n 
= 24) between CRMT and KSDF ranged from 0.95 to 0.97 (Table 3.4), with higher 
values indicating better agreement. The d values for fall ranged from 0.97 to 0.98, 
indicating better agreement than the R2.  The RMSE ranged from 0.96 °C to 1.04 °C.  To 
further explain these differences, solar radiation and wind speeds from CRMT were 
examined.  
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Table 3.4. Mean hourly temperature observation agreements between CRMT  
     and KSDF for September, 2009, to August, 2010. 
 
Month R2 RMSE 
(°C) 
d-index MAE 
(°C) 
E 
Sept 0.97 1.04 0.97 0.83 0.88 
Oct 0.95 0.96 0.97 0.77 0.88 
Nov 0.98 1.01 0.97 0.92 0.91 
Dec 0.99 0.15 0.99 0.35 0.95 
Jan 0.98 0.37 0.99 0.35 0.95 
Feb 0.97 0.64 0.97 0.57 0.91 
Mar 0.98 0.93 0.98 0.74 0.93 
Apr 0.97 1.37 0.97 1.06 0.89 
May 0.95 1.68 0.92 1.68 0.71 
Jun 0.93 2.23 0.90 1.79 0.66 
Jul 0.93 2.52 0.86 2.24 0.52 
Aug 0.95 2.74 0.88 2.40 0.59 
Source: Compiled by the author. 
Sun et al. (2005) examined the relationship of temperature differences between an 
ASOS and USCRN station with wind speed and solar radiation.  For this study, their 
approach has been adopted. Scatterplots were developed for the CRMT site using data 
from an RM Young 05103-5 anemometer for the wind speed, and from an Apogee SP-
110 Pyranometer for solar radiation. As indicated above, monthly average hourly solar 
radiation and wind speed data from CRMT were compared to the monthly average hourly 
temperature differences between the CRMT and KSDF stations. This analysis was 
completed for all seasons. Figure 3.5 shows the relationship of temperature differences, 
solar radiation, and wind speeds for September. 
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(a) (b)  
Figure 3.5.  CRMT (a) solar radiation and (b) wind speed comparisons of temperature               
differences of the CRMT and KSDF for September. Source: Created by the author.  
 
 
 When solar radiation was less than 200 Wm-2 (indicating night or cloudy 
conditions), temperatures at KSDF were warmer than those at CRMT.  As noted above, 
one limitation of this analysis is that KSDF does not measure solar radiation, and hence 
direct comparison of solar radiation could not be completed.  Wind speed results were 
similar to those of solar radiation. When wind speeds were calm (less than 1 m s-1), 
temperatures at KSDF were warmer than those at CRMT. When wind speeds were 
between 1.5 and 4  m s-1, temperature differences largely diminished.  Results for 
October and November demonstrated similar results (not shown). 
3.3.2. CRMT and KSDF Winter comparisons 
Table 3.1 shows the daily maximum and minimum temperatures for winter 2009-
2010, revealing that KSDF had warmer minimum temperatures than CRMT.  These 
differences in minimum temperatures, again, can be attributed to the increase in air traffic 
patterns at the UPS hub during the overnight hours, as well as the location of the ASOS 
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site relative to artificial heating sources and obstructions. Differences in daily maximum 
temperatures between the two locations, however, appear to agree well with those 
temperatures in the fall months. Seasonal maximum and minimum temperature 
differences (Figure 3.6) for the winter months ranged from -1.56 °C to 3.06 °C, and -4.11 
°C to 1.83 °C, respectively.   
Analysis of average daily temperatures for winter 2009-2010 (Table 3.3) showed 
that the R2 (n = 31 for December and January, n = 28 for February) ranged from 0.96 to 
0.98. The RMSE and MAE ranges from 0.99 °C to 1.05 °C, and 0.75 °C to 0.88 °C, 
respectively.  Average temperature differences ranged from -0.66 °C to -0.35 °C (Table 
3.2).  As in the fall, KSDF is consistently warmer than CRMT in the winter months. 
Figure 3.7 shows the mean hourly temperature differences that occurred between 
CRMT and KSDF during the winter months.  As in the analysis of the fall months, KSDF 
was warmer in the overnight and early morning hours.  Unlike the fall months, CRMT 
during the daytime was consistently warmer by as much as 0.68 °C. 
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(a)
 
(b)
 
Figure 3.6. Winter season (2009-2010): (a) daily maximum and (b) daily minimum     
                   temperature differences between CRMT and KSDF.  
Source: Created by the author. 
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(a) (b)  
(c)  
Figure 3.7. CRMT - KSDF mean hourly temperatures for (a) December, (b) January, and  
        (c) February.  Source: Created by the author. 
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°C, respectively.  When solar radiation forcing was absent, KSDF temperatures were 
warmer than those at CRMT in all the winter months.  During December, however, once 
solar radiation began to increase, temperatures at CRMT were warmer than those at 
KSDF (Figure 3.8a).  In addition, when wind speeds were less than 2 m s-1, temperatures 
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at KSDF were warmer than those at CRMT.  However, once wind speeds increased to 
between 2 to 4 m s-1, temperatures became warmer at CRMT than at KSDF.  The January 
and February analysis showed similar results (not shown).   
(a) (b)  
Figure 3.8. CRMT (a) solar radiation and (b) wind speed comparisons to temperature               
                   differences of CRMT and KSDF for December.   
Source: Created by the author. 
 
3.3.3. CRMT and KSDF Spring comparisons 
Daily temperature differences between KSDF and CRMT for spring are shown in 
Table 3.2.  Consistent with fall and winter, KSDF also had warmer minimum 
temperatures than CRMT during the spring.  Maximum daily temperature differences for 
spring (Figure 3.9a) ranged from -2.83 °C to -3.61 °C, while minimum differences ranged 
from -4.61 °C to  2.11 °C.  Further examination of daily average temperatures (Table 3.3) 
suggested better agreement between CRMT and KSDF for spring months, like those of 
the winter months. The R2, RMSE, and MAE (n = 30 for April, n = 31 for March and 
May) ranged from 0.95 to 0.97, 1.24 °C to 2.15 °C and 1.04 °C to 1.93 °C, respectivly.  
Temperatures become systematically negative during the latter part of spring. 
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(a)
 
(b)
 
Figure 3.9. Spring season (2010): (a) daily maximum and (b) daily minimum temperature     
       differences between CRMT and KSDF. Source: Created by the author. 
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 Mean hourly temperatures (Figure 3.10) vary compared to those in the fall and 
winter months.  Results for March and April show KSDF temperatures to be warmer in 
the mid-morning and mid-afternoon, while CRMT proved warmer near noon. There was 
a bi-modal pattern in temperature differences for these two months. Causes of these are 
still under investigation. During May, however, KSDF was consistently warmer than 
those temperatures observed at CRMT. 
(a) (b)  
(c)  
Figure 3.10. CRMT - KSDF mean hourly temperatures for (a) March, (b) April, and  
        (c) May.  Source: Created by the author. 
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Mean hourly temperature statistics show that the monthly spring temperatures 
agree better than those of the daily averages. The R2, RMSE, and MAE (n = 24) ranged 
from 0.95 to 0.98, 0.93 °C to 1.68 °C and 0.74 °C to 1.68 °C, respectivly.  March had 
lower errors than those of April and May. The d index also demonstrated stronger 
agreement, ranging from 0.92 to 0.98. 
In the absence of solar radiation, temperatures were warmer at KSDF in the 
months of March (Figure 3.11) and April (not shown). Once solar radiation values were 
above 50 Wm-2, differences largely diminished. In May (Figure 3.11a), however, KSDF 
temperatures were consistently warmer, with and without solar radiation forcing. When 
wind speeds ranged between 1 to 2 m s-1 in March (Figure 3.11) and April (not shown), 
KSDF temperatures were warmer. Data analysis for May suggested that differences and 
potential causes were generally comparable to March (Figure 3.11). 
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(a) (b)  
 (c) (d)  
Figure 3.11. CRMT: (a, c) solar radiation and (b, d) wind speed comparisons to  
                     temperature differences for the CRMT and KSDF, March and May. 
Source: Created by the author.  
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while daily minimum temperature differences ranged from -0.39 °C to -6.22 °C (Figure 
3.12). 
(a)
 
(b)
 
Figure 3.12. Summer 2010: (a) daily maximum and (b) daily minimum temperature 
differences for the CRMT and KSDF. Source: Created by the author. 
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 (a)  (b)      
(c)  
Figure 3.13. CRMT - KSDF mean hourly temperatures for (a) June, (b) July, and (c)  
        August.  Source: Created by the author. 
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season. Mean hourly temperatures were consistently cooler during the 24-hour period for 
all three months of the summer season. Temperatures in June at KSDF were warmer by 
3.67 °C.  Temperature differences during July and August exceeded 4 °C. 
Summer 2010 mean hourly temperatures (Table 3.4) showed better agreement 
between CRMT and KSDF. The R2 (n = 24) ranged from 0.93 to 0.95. These 24-hour 
averaged values show better agreement than those of the daily averages. The RMSE and 
MAE ranged from 2.23 °C to 2.74 °C and 1.79 to 2.40 °C, respectively and the E ranged 
from 0.52 to 0.66. To further explain the differences, we again have investigated the role 
of solar radiation and wind speed, following Sun et al. (2005). 
 (a)  (b)  
Figure 3.14. CRMT: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of CRMT and KSDF for June. Source: Created by the author.  
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be found for the relationship between wind speeds and temperatures, where differences 
were greater with lower wind speeds. Moreover, temperatures were higher at KSDF when 
wind speeds were lower. It can be concluded that wind speed and solar radiation can 
influence temperatures differences between CRMT and KSDF for all seasons. 
3.4. LXGN, LSML, WNCH and KLEX Site Comparison   
We have also conducted similar analyses for the Lexington, KY, ASOS and the 
three surrounding KY Mesonet stations.  Again, site characteristics, location, cloud cover, 
wind speed, and sampling practices were examined to determine why temperature 
differences occurred between Kentucky Mesonet and ASOS locations. 
3.4.1. LSML Site Exposure  
The LSML site is located at the Kentucky State University Research Farm in 
southern Franklin County, and is 16 miles west of KLEX. The area is exploited for 
horticulture research using organic practices to raise different type of crops that thrive in 
central Kentucky. A site survey conducted on April 4, 2008, found that the location 
ranked well for measuring temperatures. 
The site ranked high for not being located near large bodies of water, and the 
slope of clear ground within 30 meters has a relief change of less than eight degrees.  The 
LSML elevation is again one of the higher points in the vicinity. At 228 meters a.s.l., the 
site is in an area where slope varies anywhere from 4° to 16°. The land use around the 
LSML is predominantly grasslands that are cut for hay or cultivated croplands, as shown 
in Figure 3.15e.  Small houses are located about 1,500 m (about a mile) from the stations. 
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Figure 3.15. Same as Figure 3.1 except for LSML. Source: Created by the author. 
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3.4.2. LXGN Site Exposure 
The LXGN site is located seven miles southeast of KLEX along Man O’ War 
Boulevard in central Kentucky. LXGN stands seven miles south of downtown Lexington, 
and has been operational at this location since June 6, 2008 (Kentucky Mesonet, 2014).   
Located at the University of Kentucky Horticulture Research Farm, this station is 
positioned nearby an apple orchard that is used for research. 
A site survey conducted by Kentucky Mesonet staff on April 18, 2007, found that 
the location ranked well for measuring temperatures. The site also ranked high for not 
being located near large bodies of water, and the slope of clear ground within 30 meters 
has a relief change of less than eight degrees. However, the apple trees located within 100 
meters of the site pose possible concerns for wind speed measurements.  
A predominantly suburbanized area surrounds LXGN, including commercial 
establishments such as Fayette Mall, Wal-Mart, and Lowes, along with many housing 
developments as illustrated in Figure 3.16 (a-e). LXGN lies at one of the highest points 
within a 1,500-meter radius.  The elevation at this site is 318 meters a.s.l. It is important 
to note that the ASOS at KLEX under comparison is located to the west of the site. 
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Figure 3.16. Same as Figure 3.1, except for LXGN. Source: Created by the author. 
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Section 3.4.3. WNCH Site Exposure 
The WNCH site is located 22 miles east of KLEX and three miles northwest of 
downtown Winchester. The land on which the station is situated is owned by the city of 
Winchester. The station is located in a wide-open area without any obstructions, and it 
obtained high scores during the site survey.  Land cover within the 1,500-meter radius is 
dominated by grass and crop lands. There are a few building structures within the 1,500-
meter radius. There is a water treatment plant located about 300 meters from the site to 
the east-southeast.  The WNCH elevation, again, is one of the highest points within the 
1,500-meter radius area.  The site’s elevation is 297 meters a.s.l.  Hillshading depicts 
valleys and elevation changes throughout the radius shown. 
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Figure 3.17. Same as Figure 3.1, except for WNCH. Source: Created by the author. 
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Figure 3.18. Same as Figure 3.1, except for KLEX. Source: Created by the author. 
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3.3.4. KLEX Site Exposure 
The KLEX site is located about six miles east of downtown Lexington in western 
Fayette County. The location of the site is close to a taxiway at the airport.  It is important 
to note that this research is not using the current location of the ASOS, as it was moved in 
2012 due to the expansion and addition of a new runway (NWS, 2013).  The previous 
location of the ASOS is used for this research, as shown in Figure 3.18.  KLEX has the 
same instrumentation and site setup as KSDF, discussed in Section 3.2.2.  Short grasses 
and vegetation maintained by the Blue Grass airport authority surround the area, and is 
within a 1,500-meter radius that includes Keeneland (a horse-racing track) and large 
areas of green space.  The land use profile of KLEX can be seen in Figure 3.18e. 
 The terrain around KLEX is relatively flat, and the change in elevation from the 
station is minimal.  The elevation at the site is 299 meters a.s.l., which is the highest point 
within 1,500 meters.  Like KSDF, KLEX is exposed to artificial heating sources. 
3.4. Comparison of LSML, LXGN, WNCH and KLEX observations 
 As stated previously, the time series of LSML, LXGN, WNCH, and KLEX data 
began in September, 2009, and continued through August, 2010.  This allowed for fall, 
winter, spring, and summer season comparisons. 
3.4.1. Fall Season (September-November), 2009 
3.4.1.1. LSML and KLEX comparisons 
 Data from LSML and KLEX suggested that there were differences in 
observations for both maximum and minimum temperatures for the month of September. 
The maximum and minimum temperature differences between LSML and KLEX (Figure 
3.19) ranged from -3.44 °C to 1.67 °C, and -4.50 °C to 1.17 °C, respectively. 
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(a) 
 
(b)
 
Figure 3.19. Fall season (2009): (a) daily maximum and (b) daily minimum temperature 
differences for LSML and KLEX.  Source: Created by the author. 
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Table 3.5. Average temperature agreement statistics for LSML, LXGN, WNCH, and      
      KLEX: September, 2009, to August, 2010. 
Month R2 RMSE 
(°C) 
d - index MAE 
(°C) 
E 
LSML Average Temperature Statistics (Tmax + Tmin)/2 
Sept 0.87 2.14 0.86 1.89 0.38 
Oct 0.98 0.61 0.99 0.50 0.97 
Nov 0.96 0.65 0.99 0.55 0.95 
Dec 0.82 1.71 0.95 0.72 0.80 
Jan 0.99 0.58 1.00 0.43 0.99 
Feb 0.98 0.58 0.98 0.49 0.98 
Mar 0.97 0.73 0.99 0.55 0.97 
Apr 0.98 0.80 0.99 0.63 0.97 
May 0.98 0.76 0.99 0.62 0.96 
Jun 0.96 0.60 0.97 0.47 0.89 
Jul 0.96 0.55 0.98 0.43 0.94 
Aug 0.93 0.90 0.97 0.77 0.86 
LXGN Average Temperature Statistics (Tmax + Tmin)/2 
Sept 0.93 1.55 0.93 1.41 0.69 
Oct 0.99 0.43 1.00 0.33 0.99 
Nov 0.98 0.61 0.99 0.47 0.96 
Dec 1.00 0.22 1.00 0.17 1.00 
Jan 1.00 0.48 1.00 0.34 1.00 
Feb 0.99 0.38 1.00 0.29 0.99 
Mar 0.98 0.61 1.00 0.44 0.98 
Apr 0.98 0.65 0.99 0.53 0.98 
May 0.99 0.50 1.00 0.40 0.99 
Jun 0.96 0.38 0.99 0.29 0.95 
Jul 0.96 0.50 0.99 0.41 0.94 
Aug 0.96 0.61 0.98 0.49 0.93 
WNCH Average Temperature Statistics (Tmax + Tmin)/2 
Sept 0.87 2.12 0.86 1.76 0.38 
Oct 0.97 0.67 0.99 0.52 0.97 
Nov 0.95 0.74 0.99 0.52 0.94 
Dec 0.98 0.59 0.99 0.48 0.98 
Jan 0.99 0.56 0.99 0.42 0.99 
Feb 0.99 0.48 1.00 0.39 0.98 
Mar 0.97 0.63 1.00 0.51 0.98 
Apr 0.96 1.02 0.99 0.77 0.94 
May 0.96 0.94 0.99 0.75 0.94 
Jun 0.91 0.64 0.97 0.50 0.87 
Jul 0.97 0.74 0.97 0.66 0.87 
Aug 0.98 1.10 0.95 1.04 0.82 
Source: Compiled by the author. 
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Daily average temperatures for fall 2009 show that the R2 (n = 31 for October, n = 
30 for September and November) ranged from 0.87 to 0.98 (Table 3.5), with higher 
values indicating better agreement (Legates and McCabe, 1999).  The RMSE and MAE 
ranged from 0.61 to 2.14 °C and 0.50 to 1.89 °C, respectively. Average temperature 
differences ranged from -1.42 °C to -0.03 °C, with the largest difference occurring in 
September (Table 3.2).  Based on the R2 and d-index, October showed the best agreement 
among the daily average temperatures in the fall. 
Figure 3.20 shows the mean hourly temperature differences (LSML-KLEX) for 
the fall of 2009.  KLEX temperatures tended to be much warmer during the overnight and 
early morning hours.  During the day, temperatures were near those of the LSML site or 
warmer at the mesonet location in October and November. Temperatures at the LSML 
tended to be warmer during times of increased wind speed (see discussion below).  The 
increase in wind speed could have caused the warmer temperatures due to mixing of the 
near-surface atmosphere.  Solar radiation also could have been greater at the LSML than 
at KLEX.  However, it is difficult to verify this information, since ASOS does not 
measure incoming solar radiation values. 
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(a) (b)  
(c)  
Figure 3.20. LSML – KLEX: mean hourly temperatures for (a) September, (b) October,  
         and (c) November.  Source: Created by the author. 
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        Table 3.6. Mean hourly temperature observation agreements between LSML,  
             LXGN, WNCH, and KLEX from September, 2009, to August, 2010. 
Month R2 RMSE 
(°C) 
d MAE 
(°C) 
E 
LSML Daily Hourly Temperature Statistics 
Sept 1.00 0.53 0.99 0.42 0.97 
Oct 0.99 0.63 0.98 0.58 0.95 
Nov 0.99 0.53 0.99 0.47 0.97 
Dec 0.99 0.08 0.99 0.25 0.97 
Jan 0.99 0.27 0.99 0.22 0.97 
Feb 1.00 0.26 0.99 0.22 0.98 
Mar 1.00 0.48 0.99 0.43 0.98 
Apr 1.00 0.69 0.99 0.56 0.97 
May 0.99 0.53 0.99 0.45 0.97 
Jun 0.99 0.50 0.99 0.42 0.98 
Jul 0.96 0.84 0.98 0.63 0.94 
Aug 1.00 0.79 0.99 0.65 0.96 
LXGN Daily Hourly Temperature Statistics 
Sept 1.00 0.26 1.00 0.24 0.99 
Oct 0.99 0.26 1.00 0.19 0.99 
Nov 0.99 0.47 0.99 0.38 0.97 
Dec 1.00 0.02 1.00 0.10 0.99 
Jan 0.99 0.27 0.99 0.22 0.97 
Feb 0.99 0.17 1.00 0.14 0.99 
Mar 0.99 0.36 1.00 0.27 0.98 
Apr 0.99 0.58 0.99 0.49 0.97 
May 1.00 0.22 1.00 0.20 0.99 
Jun 1.00 0.36 1.00 0.30 0.98 
Jul 0.97 0.68 0.99 0.42 0.94 
Aug 1.00 0.51 0.99 0.54 0.95 
WNCH Daily Hourly Temperature Statistics 
Sept 1.00 0.52 0.99 0.49 0.96 
Oct 0.99 0.30 1.00 0.24 0.98 
Nov 1.00 0.10 1.00 0.28 0.99 
Dec 0.99 0.05 1.00 0.19 0.98 
Jan 0.99 0.18 1.00 0.13 0.99 
Feb 1.00 0.08 1.00 0.07 1.00 
Mar 1.00 0.19 1.00 0.15 1.00 
Apr 1.00 0.43 1.00 0.38 0.99 
May 0.99 0.40 1.00 0.35 0.98 
Jun 0.99 0.55 0.99 0.47 0.97 
Jul 0.98 0.73 0.99 0.61 0.95 
Aug 1.00 1.11 0.98 1.07 0.90 
 
Source: Compiled by the author.   
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An examination of mean hourly average temperatures for fall showed that the R2, 
RMSE, and MAE ranged from 0.99 to 1.00, 0.53 ºC to 0.63 ºC, and 0.42 ºC to 0.56 ºC, 
respectively. Additional analysis to determine causes of temperature differences 
suggested that, when solar radiation was less than 200 Wm-2, KLEX predominantly 
experienced warmer temperatures compared to LSML.  Once solar radiation increased 
beyond 200 Wm-2 in the months of September (Figure 3.21 a) and October (not shown), 
large differences in temperatures diminished.  Moreover, when wind speeds were less 
than 2 m s-1, temperatures tended to be warmer at KLEX.  Once wind speeds increased to 
greater than 2 m s-1, temperatures at LSML were warmer. However, for the month of 
November, as solar radiation and wind speed increased over 50 Wm-2 and 2 m s-1, 
respectively, observed LSML temperatures were both higher and lower compared to 
KLEX.  In the absence of solar radiation data from KLEX, it was difficult determine the 
causes of these observations. 
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(a)  (b)   
 
(c) (d)  
Figure 3.21. LSML: (a, c) solar radiation and (b, d) wind speed comparisons to  
                     temperature differences of LSML and KLEX for September and November. 
Source: Created by the author. 
3.4.1.2. LXGN and KLEX comparisons 
Daily maximum and minimum temperatures in September and November showed 
KLEX temperatures to be warmer (Table 3.2).  Daily maximum temperatures during the 
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fall do not exhibit large differences, while minimum temperatures were warmer at 
LXGN; temperature differences ranged from 0.26 °C to 0.56 °C (Table 3.2).  Minimum 
temperatures were cooler at LXGN during the fall.  Maximum and minimum temperature 
differences ranged from -3.56 °C to 2.00 °C, and -2.33 °C to 3.61 °C, respectively 
(Figure 3.22). 
 Daily average temperatures at LXGN and KLEX show better agreement than 
those at LSML and KLEX. The R2 ranged from 0.93 to 0.99, with the highest agreement 
occurring during the month of October. The RMSE and MAE also demonstrated better 
agreement, with values that ranged from 0.61 °C to 1.55 ºC and 0.33 °C to 1.41 ºC, 
respectively. Average temperature differences (Table 3.2) ranged from -0.26 °C to 0.17 
°C.  In other words, KLEX was the warmer site in the months of September and October. 
It was found that mean hourly temperatures at LXGN were warmer during the 
overnight and early morning hours (Figure 3.23).  During the day, temperatures were 
cooler than those at KLEX.  This suggested that nearby concrete surfaces and an increase 
in air traffic at the airport during the day potentially resulted in these higher temperatures. 
Mean hourly temperatures showed that LXGN had better agreement with KLEX 
in the fall than LSML and WNCH with KLEX (Table 3.6).  Results for WNCH are 
presented in the following section. The R2 for LXGN in the fall season ranged from 0.99 
to 1, with the best agreement found in the month of September.  Furthermore, the RMSE 
and MAE ranged from 0.26 °C to 0.47 ºC and 0.19 °C to 0.38 ºC, respectively.  
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(a)
 
(b)
 
Figure 3.22. Fall season (2009): (a) daily maximum and (b) daily minimum temperature  
                    differences for LXGN and KLEX. Source: Created by the author. 
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 (a) (b)          
(c)  
Figure 3.23.  LXGN – KLEX: mean hourly temperatures for (a) September, (b) October,  
         and (c) November. Source: Created by the author. 
 
  It was observed that LXGN was warmer when solar radiation was less than 200 
Wm-2.  The warming during the overnight could be attributed to the proximity of the 
apple orchard at this location. The orchard is located within 100 meters of the mesonet 
station. Once solar radiation reached 200 Wm-2 or higher, large differences began to 
diminish.  Similar results were found for October (not shown). 
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 In the months of September and October (not shown), when wind speed ranged 
from 2 to 2.5 m s-1, LXGN was warmer than KLEX.  Once wind speeds increased above 
2.5 m s-1, temperatures at LXGN became cooler.  November wind speeds (Figure 3.24d), 
however, show LXGN to be consistently warmer than KLEX. 
 
(a) (b)  
 
(c) (d)  
Figure 3.24. LXGN: (a, c) solar radiation and (b, d) wind speed comparisons to  
                     temperature differences of LXGN and KLEX for September and October.  
Source: Created by the author. 
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3.4.1.3. WNCH and KLEX comparisons 
  It is important to note that WNCH data collection had not been established until 
September 5, 2009.  Data analysis concluded that maximum temperatures differences 
ranged from -3.67 °C to 2.78 °C (Figure 3.25a).  Minimum temperatures, however, 
showed a greater range of differences from -5.17 °C to 1.06 °C (Figure 3.25 b). 
 An investigation of daily average temperatures suggested that data agreed well in 
the months of October and November. The R2 (n = 25 for September, n = 31 for October, 
and n = 30 for November) ranged from 0.86 to 0.97, with October showing the highest 
agreement (Table 3.5). The RMSE and MAE ranged from 0.67 ºC to 2.12 ºC and 0.52 ºC 
to 1.76 ºC, respectively.  Average temperature differences ranged from -1.10 °C to -0.44 
°C, and the largest difference occurred in September. 
Mean hourly temperatures at WNCH (Figure 3.26) were consistently cooler in 
September than those observed at KLEX (Figure 3.26a).  During October, WNCH had 
higher daytime temperatures, while in November differences were negligible (Figure 
3.26b-c).  Further examination of diurnal temperatures showed that WNCH and KLEX 
had better agreement (Table 3.6).  WNCH fall statistics show that the R2, RMSE, and 
MAE ranged 0.99 to 1, 0.10 ºC to 0.52 ºC, and 0.19 ºC to 0.49 ºC, respectively, 
suggesting fair agreement. As found previously, KLEX had warmer temperatures at 
night. 
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(a)
 
(b)
 
Figure 3.25. Fall season (2009): (a) daily maximum and (b) daily minimum temperature  
                    differences for WNCH and KLEX. Source: Created by the author. 
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 (a) (b)  
(c)  
Figure 3.26.  WNCH - KLEX mean hourly temperatures for (a) September, (b) October,  
          and (c) November.  Source: Created by the author. 
   
 Once solar radiation increased after sunrise, temperature differences tended to 
become lower. October was the only fall season month to have warmer temperatures at 
WNCH.  Temperature differences in all months were less than 1 ºC.  Wind speed 
comparison followed comparisons of solar radiation.  Regardless of magnitude of wind 
speeds in September, WNCH was the cooler site.  For October, when wind speeds were 
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between 2 and 3 m s-1 at WNCH, KLEX had warmer temperatures.  Once speeds 
increased to over 3 m s-1, WNCH observed warmer temperatures than those observed at 
KLEX.  November (not shown) mimics the results of September. 
(a) (b)  
(c) (d)  
Figure 3.27. WNCH: (a, c) solar radiation and (b, d) wind speed comparisons to  
                     temperature differences of WNCH and KLEX for September and October. 
Source: Created by the author. 
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3.4.2. Winter Season (December-February) 2009-2010 
3.4.2.1. LSML and KLEX comparisons 
 Daily maximum and minimum temperature differences ranged from -2.83 ºC to 
1.56 °C, and -3.61 ºC to 1.72 °C, respectively (Figure 3.28).  Monthly average 
temperatures showed an R2 that ranged from 0.82 to 0.99.  December had the lowest 
agreement, while February had the best agreement with KLEX.  The RMSE and MAE 
ranged from 0.58 ºC to 1.71 °C and 0.43 ºC to 0.72 °C, respectively.  December again 
had the highest error of RMSE and MAE, while January had the best agreement.  
Average temperature differences showed LSML to be the warmer site in winter, with 
temperature differences that ranged from 0.00 °C to 0.70 °C (Table 3.2). 
Mean hourly temperature observations suggested that KLEX temperatures were 
warmer during the overnight and early morning hours, with the exception of January, 
2010 (Figure 3.29).  On the other hand, temperatures were generally warmer (up to 0.69 
°C) during daytime at LSML. Analysis of data suggested that the R2 ranged from 0.99 to 
1.00, while the RMSE and MAE ranged from 0.08 ºC to 0.27 °C and 0.22 ºC to 0.25 °C, 
respectively. 
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(a)
 
(b)
 
Figure 3.28. Winter season (2009-2010): (a) daily maximum and (b) daily minimum  
                     temperature differences for LSML and KLEX.  
Source: Created by the author. 
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(a) (b)    
(c)  
Figure 3.29. LSML - KLEX mean hourly temperatures for (a) December, (b) January,  
                    and (c) February.  Source: Created by the author. 
  
 Again, it was found that, without the forcing of solar radiation (cloudy or 
nighttime), temperatures were warmer at KLEX in all winter months (Figure 3.45a).  
Once solar radiation values were above 50 Wm-2, LSML proved consistently warmer.  
When wind speeds were between 2 and 3 m s-1, temperature differences were negligible.  
When wind speeds increased between 3 and 4 m s-1, temperatures were warmer at LSML.  
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(a)  (b)    
(c) (d)  
Figure 3.30. LSML: (a, c) solar radiation and (b, d) wind speed comparisons to   
                     temperature differences of LSML and KLEX for December and January.  
Source: Created by the author. 
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3.4.2.2. LXGN and KLEX comparisons  
 Daily maximum temperatures showed smaller differences between the observed 
data at the two locations (Figure 3.31).  Daily maximum temperature differences ranged 
from -0.78 °C to 1.83 °C.  Daily minimum temperatures, however, demonstrated larger 
differences that ranged from -1.28 °C to 3.61 °C. Monthly average temperatures (Table 
3.4) for the winter months at LXGN showed better agreement than those exhibited by 
LSML. The R2 ranged from 0.99 to 1.0, while the RMSE and MAE ranged from 0.22 ºC 
to 0.38 °C and 0.17 ºC to 0.34 °C, respectively. The RMSE and MAE showed the lowest 
error values in the statistical comparison.  Like the temperature differences at LSML, 
LXGN was consistently warmer with differences that ranged from 0.07 ºC to 0.20 °C 
(Table 3.2). 
Mean hourly temperature (Figure 3.32) differences for LXGN and KLEX during 
the winter months followed the same pattern as the fall season. Temperatures during the 
overnight hours and late afternoon were warmer at LXGN with differences up to 0.20 °C. 
Overall, temperature differences were small compared to those during the fall. Further 
investigation into the differences between mean hourly temperatures (Table 3.6) show 
that the R2, RMSE, and MAE ranged from 0.99 to 1, 0.02 ºC to 0.27 °C, and 0.10 ºC to 
0.22 °C, respectively (Table 3.6).  As with the maximum and minimum temperatures for 
winter, diurnal temperature observations at LXGN showed the best agreement among all 
stations compared to KLEX.  As opposed to most cases, temperatures were warmer at 
LXGN when solar radiation was less than 50 Wm-2 (Figure 3.33a).  Once solar radiation 
increased, differences diminished. This study found that temperature differences 
increased up to 0.37 ºC when wind speeds were between 3 to 5 m s-1. 
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(a)
(b) 
 
Figure 3.31. Winter season (2009-2010): (a) daily maximum and (b) daily minimum                      
temperature differences for LXGN and KLEX. Source: Created by the author. 
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(a) (b)        
(c)  
Figure 3.32. LXGN - KLEX mean hourly temperatures for (a) December, (b) January,  
         and (c) February.  Source: Created by the author. 
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(a)  (b)   
Figure 3.33. LXGN: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of LXGN and KLEX for January. Source: Created by the author. 
 
 
3.4.2.3. WNCH Winter comparison 
 Maximum temperatures at WNCH exhibited larger differences with KLEX, 
compared to minimum temperatures (Figure 3.34).  Maximum and minimum temperature 
differences ranged from -1.78 ºC to 3.56 °C, and -2.00 ºC to 1.89 °C, respectively.  
Agreement statistics between WNCH and KLEX found that the R2, RMSE, and MAE 
ranged from 0.98 to 0.99, 0.48 ºC to 0.59 ºC, and 0.39 ºC to 0.48 ºC, respectively.  Best 
agreement was shown in the month of February, where the RMSE and MAE were the 
lowest and the R2 was the lowest.  WNCH-KLEX, based on average temperature 
differences, did not show same pattern of differences as LSML-KLEX and LXGN-
KLEX.  Temperature differences in December and February showed KLEX to be the 
warmer station, while, in January, WNCH was warmer.  Temperature differences ranged 
from -0.10 °C to 0.17 °C (Table 3.2). 
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(a)
 
(b)
 
Figure 3.34. Winter season (2009-2010): (a) daily maximum and (b) daily minimum  
          temperature differences for WNCH and KLEX.  
Source: Created by the author. 
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 Mean hourly temperatures in December showed KLEX to be warmer at night and 
early morning hours (Figure 3.35). The transition to daylight showed WNCH to be the 
warmer location in December.  Temperature differences in the afternoon were as high as 
0.36 ºC. Temperatures at WNCH were consistently warmer during nighttime compared to 
KLEX in the months of January and February.  Temperatures at WNCH could be warmer 
than those at KLEX possibly due to the snow pack at KLEX or atmospheric mixing 
occurring due to higher wind speeds at WNCH.  Further research needs to be conducted 
to know the exact cause of the warmer temperatures.  Temperature differences were up to 
0.49 ºC, but were minimal in February and ranged from -0.12 ºC to 0.12 ºC with an 
average temperature difference of -0.04 °C (Table 3.2). 
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(c)  
Figure 3.35.  WNCH - KLEX mean hourly temperatures for (a) December, (b) January,  
          and (c) February. Source: Created by the author. 
  
Mean hourly temperatures at WNCH found that the R2, RMSE, and MAE ranged 
from 0.99 to 1.00, 0.05 ºC to 0.18 ºC, and 0.07 ºC to 0.19 ºC, respectively.  The best 
agreement of the winter months was in February when the R2 and d were equal to 1 and 
the RMSE was 0.08.  As found in other comparisons, when solar radiation was less than 
100 Wm-2 in December, temperatures at WNCH were cooler than those observed at 
KLEX.  As solar radiation values increased, temperatures at WNCH became warmer.  
However, that was not the case for January.  When wind speeds were less than 4 m s-1, it 
was also found that KLEX was warmer compared to WNCH in December. Once wind 
speeds reached above 4 m s-1, temperatures became warmer at WNCH.  However, in 
January, WNCH remained warmer under all wind conditions. 
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(a) (b)  
(c)  (d)  
Figure 3.36. WNCH: (a, c) solar radiation and (b, d) wind speed comparisons to  
                     temperature differences of WNCH and KLEX for December and January. 
Source: Created by the author. 
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(a)
 
(b)
 
Figure 3.37. Spring season (2010): (a) daily maximum and (b) daily minimum  
           temperature differences for LSML and KLEX. Source: Created by the author. 
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3.4.3. Spring Season (March-May) 2010 
3.4.3.1. LSML and KLEX comparisons 
 Daily maximum and minimum temperatures exhibited a different pattern than 
previously seen in the fall and winter. Daily maximum and minimum temperatures 
ranged from -1.06 ºC to 2.67 °C, and -4.78 ºC to 1.00 °C, respectively (Figure 3.37).  
March showed warmer maximum temperatures at LSML, while no differences were 
shown in April and May.  Daily minimum temperatures, however, were consistently 
cooler at LSML (Table 3.2). 
Further analyses of daily average temperatures showed strong agreement among 
the spring months. The R2, RMSE, and MAE ranged from 0.97 to 0.98, 0.73 ºC to 0.80 
ºC, and 0.55 ºC to 0.63 ºC, respectively.  The strongest agreements of maximum and 
minimum temperatures were found in April (Table 3.5).  Average temperature 
differences showed LSML to be cooler throughout the spring months.  Temperatures 
ranged from -0.53 °C to -0.02 °C (Table 3.2). 
 Mean hourly temperatures showed LSML to be cooler than KLEX during the 
overnight and late evening hours (Figure 3.38).  During the afternoon, temperatures 
increased at LSML and became warmer.  All spring months followed this pattern.  
Temperature differences in the morning hours of April, however, recorded higher cooler 
temperatures at LSML than the other months.  Overall, seasonal temperature differences 
ranged from -0.66 ºC to -1.36 ºC indicating cooler temperatures at LSML. 
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(a) (b)  
(c)  
Figure 3.38. LSML - KLEX mean hourly temperatures for (a) March, (b) April, and (c)  
         May. Source: Created by the author. 
  
Further analysis of mean hourly temperatures found that the R2, RMSE, and MAE 
ranged from 0.99 to 1.00, 0.48 ºC to 0.69 ºC, and 0.43 ºC to 0.56 ºC, respectively (Table 
3.6).  Again, results showed that temperatures were warmer at KLEX in the absence of 
solar radiation, while, as solar radiation increased, LSML temperatures were warmer than 
those observed at KLEX.  In addition, when wind speeds ranged between calm and 2 m s-
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1, temperatures were warmer at LSML.  As wind speeds increased beyond 2 m s-1, 
temperatures became warmer at LSML.   
(a) (b)  
(c) (d)  
Figure 3.39. LSML: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of LSML and KLEX for March and April.  
Source: Created by the author. 
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3.4.3.2. LXGN and KLEX comparisons 
A cursory look at maximum temperatures showed KLEX observations to be 
warmer than those at LXGN.  However, differences were minimal between the two sites.  
Minimum temperatures, however, showed that LXGN was the warmer location 
throughout the springtime.  Temperature differences were pronounced during early/late 
March and throughout the month of April.  Maximum and minimum temperature 
differences ranged from -1.94 °C to 0.50 °C, and -1.89 °C to 3.72 °C, respectively 
(Figure 3.40). 
Further analysis of monthly average temperatures found that the R2, RMSE, and 
MAE ranged from 0.98 to 0.99, 0.50 ºC to 0.65 ºC, and 0.40 ºC to 0.53 ºC, respectively 
(Table 3.5).  Based on calculated errors, May showed the lowest bias. Average 
temperature differences showed LXGN to be warmer in the months of March and April, 
while May shows KLEX to be warmer. The differences ranged from -0.08 °C to 0.12 °C 
(Table 3.2). 
 Monthly mean hourly temperatures in spring showed similar difference patterns 
compared to those of fall and winter (Figure 3.41). Temperatures at LXGN were warmer 
during the overnight and early morning hours. April showed temperature differences 
were as high as 1.26 ºC during the overnight hours (Figure 3.41b). As the day progressed, 
temperatures at KLEX became warmer compared to LXGN. A possible reason for the 
warmer temperatures during the day could be due to increased air traffic at KLEX during 
these hours, and the characteristics of the surrounding surfaces (asphalt and concrete). 
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(a) 
(b) 
 
Figure 3.40. Spring season (2010): (a) daily maximum and (b) daily minimum 
temperature differences for LXGN and KLEX.  Source: Created by the author. 
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(a) (b)  
(c)  
Figure 3.41.  LXGN - KLEX mean hourly temperatures for (a) March, (b) April, and (c)  
         May. Source: Created by the author. 
 
 Mean hourly temperatures found the R2, RMSE, and MAE ranged from 0.99 to 
1.00, from 0.22 ºC to 0.58 ºC and 0.20 ºC to 0.49 ºC, respectively.  May, again, showed 
the best agreement of observations from these two sites. The LXGN site was cooler under 
increased solar radiation and wind speeds, which is different than the other comparisons.  
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With the absence of data from KLEX, it is difficult to determine the exact causes of these 
results.  
(a)  (b)  
Figure 3.42. LXGN: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of LXGN and KLEX for April. Source: Created by the author. 
 
3.4.3.3. WNCH and KLEX comparisons 
 An assessment of maximum temperatures showed KLEX to have the warmer 
temperatures throughout the spring months (Table 3.2).  Minimum temperatures also 
showed WNCH to be cooler than those observed at KLEX in April and May. 
Temperature differences were noticeable in the middle of April and the end of May.  
Maximum and minimum temperatures ranged from -2.00 °C to1.89 °C, and -2.78 °C to 
4.72 °C, respectively (Figure 3.43). 
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(a) 
(b)  
Figure 3.43. Spring season (2010): (a) daily maximum and (b) daily minimum    
                  temperature differences for WNCH and KLEX. Source: Created by the author. 
-7.00
-6.00
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
T
m
ax
 (
°C
 )
-7.00
-6.00
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
T
m
in
(°
C
)
84 
 
 (a) (b)  
(c)  
Figure 3.44. WNCH - KLEX mean hourly temperatures for (a) March, (b) April, and (c)  
         May. Source: Created by the author. 
  
Further analysis suggested that WNCH, compared to KLEX, was cooler during 
the overnight and late evening hours in March (Figure 3.44). Temperatures in the 
afternoon were 0.15 ºC or higher. April and May showed a somewhat similar pattern of 
differences as in March.  However, the magnitude of the differences was higher. 
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With further investigation of mean hourly temperatures, the R2, RMSE, and MAE 
ranged from 0.99 to 1.00, 0.19 ºC to 0.43 ºC, and 0.15 ºC to 0.38 ºC, respectively (Table 
3.6).  It was found that the RMSE and MAE were the lowest of all station comparisons 
for March. Like most cases, WNCH was cooler at night or when solar radiation was low, 
and when wind speeds were less than 2 m s-1 (Figure 3.45).  These results intutively 
match with diurnal hourly temperature differences. 
(a) (b)  
Figure 3.45. WNCH: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of WNCH and KLEX for March. Source: Created by the author. 
 
3.4.4. Summer Season (June-August) 2010 
3.4.4.1. LSML and KLEX comparisons 
 Daily maximum and minimum temperatures were consistently warmer at KLEX 
than those at LSML (Figure 3.46 and Table 3.2).  Maximum and minimum temperature 
differences ranged from -0.30 ºC to -0.03 °C, and -0.89 ºC to -0.63 °C, respectively 
(Table 3.2).  Analyses of data resulted in an R2, RMSE, and MAE that ranged from 0.93 
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to 0.96, from 0.55 ºC to 0.90 ºC, and 0.43 ºC to 0.77 ºC, respectively.  The better 
agreement of data was for July, although overall summer month agreements were weaker 
compared to those of spring and winter. Average temperature differences showed LSML 
to be cooler in the summer months, with differences that ranged from -0.33 ºC to -0.60 ºC 
(Table 3.2).   
Mean hourly temperatures (Figure 3.47) were cooler at LSML during the 
overnight and late evening hours in all summer months.  During June, LSML was up to 
0.4 ºC and -0.46 ºC warmer and cooler compared to KLEX, respectively (Figure 3.58).  
July and August generally showed June-like diurnal temperature differences between 
these two stations with one exception, where LSML became 2.96 ºC cooler compared to 
KLEX.  The cause of this is currently unknown. 
Analysis of mean hourly temperatures for LSML and KLEX found that the R2, 
RMSE, and MAE for the summer season ranged from 0.96 to 1.00, 0.50 ºC to 0.84 ºC, 
and 0.42 ºC to 0.65 ºC, respectively (Table 3.6).  It was found that at night, and when 
solar radition was less than 150 Wm-2, temperatures were warmer at KLEX as shown by 
the diurnal temperature analysis.  Once solar radiation increased to 300 Wm-2 
temperature differences indicated warmer temperatures at LSML (Figure 3.48).  It was 
also found that when wind speeds increased over 2 m s-1 LSML was warmer than KLEX, 
like other cases. 
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(a)
 
(b)
Figure 3.46. Summer season (2010): (a) daily maximum and (b) daily minimum  
         temperature differences for LSML and KLEX.  
Source: Created by the author. 
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 (a) (b)  
(c)  
Figure 3.47. LSML - KLEX mean hourly temperatures for (a) June, (b) July, and (c)  
        August.  Source: Created by the author. 
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(a) (b)  
 (c) (d)  
Figure 3.48. LSML: (a, c) solar radiation and (b, d) wind speed comparisons to      
                     temperature differences of LSML and KLEX for June and August. 
Source: Created by the author. 
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3.4.4.2. LXGN and KLEX comparisons 
 A cursory visual assessment showed that daily maximum temperatures at KLEX 
were consistently warmer than those at LXGN (Figure 3.49a).  Minimum temperature 
differences showed a more complex pattern throughout the season.  Maximum and 
minimum temperature differences ranged from -2.22 °C to 0.61 °C and -1.39 °C to 
3.00°C, respectively.  Average maximum and minimum temperatures differences for the 
season were -1.35 ºC to -0.56 °C, and 0.26 ºC to 0.56 °C, respectively. 
 Additional analysis of daily average temperatures (Table 3.5) showed that the R2 
for all three summer months was 0.96, while the RMSE and MAE ranged from 0.38 ºC to 
0.61 ºC, and 0.29 ºC to 0.49 ºC, respectively (Table 3.5).  Average temperature 
differences showed LXGN to be consistently cooler than KLEX.  Temperature 
differences ranged from -0.40 °C to -0.11 °C.  
Compared to KLEX, mean hourly temperatures at LXGN were warmer during the 
overnight and early morning hours.  As the day progressed, temperatures at KLEX 
became warmer compared to LXGN and differences were as large as 1.45 ºC.  Possible 
reasons for warmer KLEX readings during the daytime could be, again, due to increased 
air traffic at KLEX and nearby concrete and asphalt structures. 
Mean hourly temperatures (Table 3.6) showed better agreement in the months of 
June and August. The R2, RMSE, and MAE ranged from 0.97 to 1.00, 0.26 ºC to 0.68 ºC, 
and 0.30 ºC to 0.54 ºC, respectively.  As opposed to most of the cases, LXGN was cooler 
compared to KLEX when solar radiation and temperature increased. This is the case for 
many of the months between September 2009 through August 2010. 
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(a)
(b) 
 
Figure 3.49. Summer season (2010): (a) daily maximum and (b) daily minimum  
         temperature differences for LXGN and KLEX.  
Source: Created by the author. 
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(a) (b)  
(c)  
Figure 3.50. LXGN - KLEX mean hourly temperatures for (a) June, (b) July, and (c)  
        August.  Source: Created by the author. 
 
  
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
0
:5
5
3
:5
5
6
:5
5
9
:5
5
1
2
:5
5
1
5
:5
5
1
8
:5
5
2
1
:5
5
T
em
p
er
at
u
re
 (
ºC
)
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
0
:5
5
3
:5
5
6
:5
5
9
:5
5
1
2
:5
5
1
5
:5
5
1
8
:5
5
2
1
:5
5
T
em
p
er
at
u
re
 (
ºC
)
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
0
:5
5
3
:5
5
6
:5
5
9
:5
5
1
2
:5
5
1
5
:5
5
1
8
:5
5
2
1
:5
5
T
em
p
er
at
u
re
 i
n
 º
C
93 
 
(a)   (b)  
Figure 3.51. LXGN: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of LXGN and KLEX for June. Source: Created by the author. 
 
3.4.4.3. WNCH and KLEX comparisons 
 Our assessment suggests that maximum and minimum temperatures at WNCH 
were lower compared to KLEX.  Maximum and minimum average temperature 
differences ranged from -1.36 ºC to -0.23 °C, and -0.71 ºC to -0.49 °C, respectively.  
Maximum and minimum temperatures ranged from -1.89 °C to 1.72 °C, and -2.28 °C to 
0.72 °C, respectively.  WNCH was consistently cooler than KLEX.  Average temperature 
differences ranged from -1.06 °C to -0.36 °C (Table 3.2).  It was found that the R2, 
RMSE, and MAE ranged from 0.91 to 0.98,  0.64 ºC to 1.10 ºC, and 0.50 ºC to 1.04 ºC, 
respectively (Table 3.5).  Based on these results, it appears that fall and spring data 
showed better agreement between LSML and KLEX. 
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 (a)
(b) 
 
Figure 3.52. Summer season (2010): (a) daily maximum and (b) daily minimum  
         temperature differences for WNCH and KLEX.  
Source: Created by the author. 
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 Mean hourly temperatures (Figure 3.53) suggested that WNCH was consistently 
cooler than those at KLEX in July and August.  June, however, showed temperatures to 
be warmer at WNCH for a few early morning hours. Temperature differnces showed that 
KLEX was warmer by 1.02 ºC in June, 2.37 ºC in July, and 1.66 ºC in August. 
(a) (b)  
(c)  
 
Figure 3.53. WNCH - KLEX mean hourly temperatures for (a) June, (b) July, and  
        (c) August. Source: Created by the author. 
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Mean hourly temperatures (Table 3.5) showed better agreement in the months of 
June. The R2, RMSE, and MAE ranged from 0.98 to 1.00, 0.55 ºC to 1.11 ºC, and 0.47 ºC 
to 1.07 ºC, respectively.  Solar radiation and wind data from WNCH did not provide any 
conclusive evidence of their role in temperature differences between WNCH and KLEX 
during the summer (Figure 3.54).  However, it appeared that during the night and when 
solar radiation was very high (during daytime), WNCH tended to be cooler.  It was also 
found that WNCH recorded cooler temperatures when wind speeds were less than 2.5 or 
about 4 m s-1. 
(a) (b)  
Figure 3.54. WNCH: (a) solar radiation and (b) wind speed comparisons to temperature               
                     differences of WNCH and KLEX for June. Source: Created by the author. 
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Chapter 4 
Conclusions 
 The objective of this thesis has been to investigate influences of station exposure 
on temperature measurements. Temperature differences have an impact on calculating 
electric costs, preparations for winterizing roads when there is a chance of snow or 
freezing rain, saving tax payers funds and salt supplies for unneeded winterizing of roads, 
and helping to protect the citizens that are elderly, have chronic alignments, or are 
homeless during a time of excessive heating or cooling.  For this purpose, temperature 
data from the Bullitt, Franklin, Fayette, and Clark county Kentucky Mesonet stations and 
the Louisville-Standiford International, and Lexington Blue Grass ASOSs were 
examined. Statistical measures of R2, d-index, E, RMSE, and MAE were used to examine 
the differences in temperature records found between the two station sets.  Along with the 
statistical measures, geoprofiles were used to determine the stations exposure by 
examining hillshading, land use, slope, aspect, and elevation.  Investigation into statistical 
measures and station exposure helped to quantify temperature differences between the 
Kentucky Mesonet and ASOS stations. 
 The Kentucky Mesonet data from CRMT indicated that temperatures compared 
to KSDF (ASOS) were consistently cooler throughout the time period from September, 
2009, to August, 2010, when examining temperature differences.  Maximum, minimum, 
and average temperature differences between CRMT and KSDF (CRMT-KSDF) ranged 
from -1.56 to 0.29 °C, -3.51 to -0.78 °C, and -2.41 to -0.27 °C, respectively.  The winter 
months showed the best agreement among any other season when comparing temperature 
observations. The R2, d, RMSE, and MAE ranged from 0.96 to 0.98, 0.98 to 0.99, 0.99 to 
1.05 °C, and 0.75 to 0.88 °C, respectively for average temperatures.  While the R2 and d 
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showed very little variation, the RMSE and MAE showed the actual errors between the 
temperature comparisons, and provided better insight into temperature differences.  
December showed the smallest error of measurements with an RMSE and MAE of 0.99 
°C and 0.83 °C, respectively.  Causes for the temperature differences include, but are not 
limited to, airport traffic and activity at KSDF, solar radiation and boundary layer mixing 
at each location during periods of the time series, and station exposure to the surrounding 
structures.  It was also found that, in many cases, at night or when solar radiation is very 
low (absence of solar radiation forcing) and under calm wind speeds Kentucky Mesonet 
stations recorded cooler temperatures compared to ASOS stations.  It is suspected that 
artificial structures (asphalt, concrete) and microclimate (e.g., air traffic related contrails, 
aerosols, etc.) around the ASOS stations resulted in warmer temperatures at these sites. 
 The comparison of the LSML, LXGN, and WNCH Kentucky Mesonet stations 
with the KLEX (ASOS) station showed a much different pattern than found at CRMT 
and KSDF.  Maximum, minimum, and average temperature differences from September, 
2009, to August, 2010, for all station pairs (Kentucky Mesonet-ASOS), ranged from        
-1.36 to 0.56 °C, -2.10 to 0.82 °C, and -1.42 to 0.22 °C, respectively.  Winter showed 
average temperature differences to be warmer than KLEX.  LSML and LXGN were 
consistently warmer throughout the winter. WNCH, however, was cooler in December 
and then warmed in January and February. Average temperature differences ranged from 
-0.10 to 0.22 °C at all locations, with the largest differences occurring in January.  Winter 
temperatures at LXGN and WNCH showed the best agreement with the R2, d-index, 
RMSE, and MAE, with ranges from 0.98 to 1.00, 0.99 to 1.00, 0.22 to 0.59 °C, and 0.07 
to 0.22 °C, respectively.  The warmer average temperatures occurred during the winter 
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months, while the fall, late spring, and summer showed cooler average temperatures. In 
short, the alternate hypothesis stated for this research is accepted, as there are significant 
differences in temperature between the various stations. 
 Differences in measuring temperatures must also be considered when comparing 
temperatures from ASOS and Kentucky Mesonet stations. The Kentucky Mesonet 
utilizes three PRTs in an aspirated shield. The three PRTs are then averaged to determine 
the temperature for the individual mesonet station.  PRTs operate on the standard that 
electric resistance in a platinum wire varies with temperature.  The resistance observed is 
measured and presented as the temperature (Thermometrics Corporation, 2014).  ASOS 
utilize one RTD (Resistance Temperature Device), which operates on the standard that 
electric resistance in a wire varies with temperature (NOAA, 1998). 
 While temperature bias and station exposure were examined in this thesis using 
statistical measures and geoprofiles, further investigation of surrounding microclimates, 
calibration methods, and types of radiation shields could further explain the differences 
discovered. Future evaluation of metadata from ASOS and Kentucky Mesonet stations 
could also help determine possible causes. This thesis has shown a need for detailed 
metadata for weather and climate observing stations and, in this case, for ASOS stations. 
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 Appendix 
 
Temperature & Humidity Classification   / Classification Number 1 (White) 2 (Green) 3 (Blue) 4 (Yellow) 5 (Red) 
Survey
or 
Score 
Distance from artificial heating sources and reflective surfaces (m) ≥ 300 14 pts 
≥ 240 
< 300 
12 pts 
≥ 100 
< 240 
8 pts 
≥ 50 
< 100 
5 pts 
< 50 
* 
0 pts 
C.2.1 
 
 
Distance to  large bodies of water (m)  (When location near water is not 
representative of the area ) 
≥ 300 12 pts 
≥ 240 
< 300 
9 pts 
≥ 100 
< 240 
7 pts 
≥ 50 
< 100 
5 pts 
< 50 
* 
0 pts 
C.2.2 
 
 
Angular height of surrounding vegetation  within 100 m radius (80% or 
more coverage is below the angle specified) 
 5 8 pts 
> 5 
≤6 
6 pts 
> 6 
 11 
3 pts 
> 11 
* 
0 pts * 0 pts 
C.2.3 
 
 
Slope of cleared, flat ground surface within 30 m radius ≤ 8º 6 pts 
> 8 º 
≤ 15 º 
3 pts 
> 15º 
≤ 23º 
2 pts 
> 23° 
* 
0 pts * 0 pts 
C.2.4 
 
 
Precipitation Classification  / Classification Number 1 (White) 2 (Green) 3 (Blue) 4 (Yellow) 5 (Red) 
Survey
or 
Score 
Angular height of  nearest obstacle with angular width > 10 deg 14 
30 
pts 
27 20 pts 45 
10 
pts 
* 0 pts * 0 pts 
C.2.5 
 
 
Wind Classification  / Classification Number 1 (White) 2 (Green) 3 (Blue) 4 (Yellow) 5 (Red) 
Survey
or 
Score 
Angular height of nearest “significant” obstacle (angular width >10º)  ≤ 6° 7 pts 
> 6° 
≤ 8° 
4 pts 
> 8° 
≤ 11° 
2 pts 
> 11° 
* 
0 pts * 0 pts 
C.2.6 
 
Angular width of nearest “thin” obstacle (angular width <10 deg.) 4° 4 pts 5° 3 pts 6° 1 pt > 6° 0 pts * 0 pts 
C.2.7 
 
 
Surrounding terrain greatest relief change (angular change) < 1° 4 pts 
≥ 1° 
< 3° 
3 pts 
≥ 3° 
< 6° 
2 pts ≥ 6° 1 pts * 0 pts 
C.2.8 
 
 
Soil Temp/Moisture 
Classification/Classification 
Number 
1 (White) 2 (Green) 3 (Blue) 4 (Yellow) 5 (Red) 
Survey
or 
Score 
 Slope of cleared, flat ground surface 
within 30 m radius 
≤ 8º 
5 
pts 
> 8º 
≤ 15º 
4 pts 
> 15º 
≤ 23° 
2 
pts 
> 23° 
* 
1 
pt 
* 0 pts 
C.2.9 
 
 
Basic soil characteristics within 100 
m radius 
Deep top soil 
6 
pts 
Shallow top soil 5 pts --- --- A few rocks 
1 
pt 
Rocky 
groun
d 
0 pts 
C.2.10 
 
 
Ground vegetative cover within 100 
m radius 
Fully thatched 
(0% ground 
bare) 
4 
pts 
Thick 
vegetation (< 
25% ground 
bare) 
3 pts 
Moderate vegetation 
(>25% and <50% 
ground bare) 
2 
pts 
Sparse vegetation 
(> 50% ground 
bare) 
1 
pt 
Groun
d Bare 
0 pts 
C.2.11 
 
 
 
   Figure A1.   Kentucky Mesonet site survey scoring guide. Source: Compiled by the author. 
